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A commoll dkqpostic dilemma is di re~tjatj~~ constrictive 
pericarditis from restrictive cardio pathy (1 ,2). It is im- 
between these two conditions because 
itis can be cured surgically, whereas 
pathy cannot (I-3). Recemtly, Hatle et 
al. (4) demonstrated with transrhorxic Doppler echocardi- 
ography in a small series of patients that constrictive peri- 
carditis can be differentiated from restrictive cardio 
thy by marked variation of atrioventricular nd central 
venous flow velocities and isovolumic relaxation time during 
various phases of respiration. 
Measurements of pulmonary venous flow complement 
left ventricular inflow measurements in the comprehensive 
evaluation of left ,jentricular diastolic filling (5,W Unfortu- 
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1. Clinical, Hemodynamic and Echo+zardiographic Findings 
in 14 Patients With Constrictive P ricarditis and 17 Patients With 
Restrictive Cardiomyopathy 
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osis of coasttictivc 
urn with reduced 
patients, and 5 paGents showed ii thickened p~~~~~~~~~ shell 
with conicat compressican of the cardix 
(12). Two (14%) patients had evidence ofa small or 
perk&al effusion+ The cause of ~o~~t~~t~ve p 
was secondary to previous cardiac surgery in n e patients 
(64%) and collagen vascular disease in one ~at~~~t (7%), 
whereas no definitive cause {idiopathic) was seen in four 
patients (2%). 
measured during the ~~~~tboraci~ study using cantisruous 
WlYG pier, BS ~~vi~u~~y described (5,M). The ultra- 
sound was directed betwixt the IefI v~~t~~ul~ in 
and outflow tracts to asure the interval between aortic 
valve closure and ral valve opening (5,10). Two- 
dimensional directed e ~~h~ardiograp~~y from the 
sternal short-axis was used to derive the left 
ventricular end-diastolic and end-systolic dimensions and 
the left atrial dimensions. Ejection fraction was calculated 
according to the method of Quinones et al. (19). 
e exruninatlon, A complete transesoph- 
hit study was performed according to 
previous methods (20) using a ~-MHZ monoplane transducer 
attached to a commercially available Doppler echocardio- 
graphic machine (Aeuson model 128 and Hewlett-Packard 
ucer was advanced toapprox- 
imately 30 cm from the incisors toobtain the short-axis v ew 
of the pulmonary veins (20). The sample volume was placed 
1 to 2 cm distal to the orifice of the left or right upper 
pultnctnary vein where it joins the left atrium (6,21). Puked 
wave Doppler measurements of the left ventricular inflo?v 
were taken from the apical four-chamber view with the 
sample volm~ placed at the leaflet ips of the mitral valve 
tion (up-arrow) and expiration (d PPW). Pulmonary venous 
systok (S) flow is greater than diastoiic (D) Wo\v with negligib!e 
variation (4%) from expiration to inspiration. Simikdy, left ven- 
tricular inflow peak early (E) and late (A) filling velocities change 
little from expiration to inspiration. 
(6). A nasal resp~romet~r (laaterspec) was used to record the 
phase of inspiration and expiration (6). 
ean values of pulmonary ve- 
y!extra) 
y using an off-line computer 
that averaged peak velocities at the onset of inspi- 
ration and expiration for at least 3 to 6 respiratory c cles. In 
the presence of atrial fibrillation, 6 respiratory cycles were 
used (12 cardiac cycles). Peak velocities were measured 
from the baseline to their peaks, and a systoiic/diastolic flow 
ratio was calcwlated (21,22). Similarly, the left ventricular 
inflow peak E and A velocities were measured from the 
baseline to their peaks (Fig. 1). Deceleration time was 
calculated from the peak E velocity, ~xtra~~i~t~~ to its 
baseline. The isovollamic relaxation time was the 5me period 
between aortic v&e closure and mitral valve opening (5). 
Flow velocity integrals of pulmonary venous ystolic and 
ow, as well as left ventricular inflow, were ob- 
tained by digitizing the darkest portion of the tracings. 
Respiratory me8suremcntsl The percent change in Dopp- 
ler flow velocities from expiration to inspiration (%E) was 
calculated by the formula (expiration - inspiration)/ 
restrictive cardiom 
decrease. The ~a~~~~ated 
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c:arditis than in restr~~ti~~e 
constrictive pericarditis from. restrictive ~~diomyo~t~y 
with a sensitivity of86% and a specificity of 94%. 
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T f. pu1.m~ Venous HOW Values Measured in 14 Patients With Constrictive Pericarditis and 17 Patients 
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Abn_ pulmonary venous flow has 
a variety of conditions, including cardiac 
ypertension a d constrictive pericarditis (22). 
venous flow recordings can be obtained from 
significant v~atiou in ~u~~~~ar~ venous flow during rerspi- 
ration was detected in six patients with constrictive pericar- 
d&is but not in seven patients with restrictive cardiornyopa- 
t pulmonary venous flow inconstrictive 
greater systolic flow velocities in inspi- 
qual systalic!iIiastolic flow velocities 
trast o restrictive cardiomyopathy, 
as lower than diastolic flow velocity 
cycle (2). The respiratory varia- 
s flow disappeared after pericardial 
stripping, which was a useful surgical end poiaf (26). 
The present s udy de QnStKltat%S tlaat res+3tory variation 
in pulmonary venous flow, measured by Doppler transesoph- 
ageal echocardimphy, is a useful sign in distinguishing 
constrictive pericarditis f -om restrictive cardiomyopa,thy. In 
patients with constrictive pericarditis, we found a marked 
trictive perkarditis. 
of the left 14ppes prrlms 
cular inAow (bltom) in a 30-year old man 
respiratory monitoring with inspi 
~~~-~~~Q~~. The systolicldi 
d 0.72 for inspiration. The respiratory variation of 
pulmonary venous systolic 6) (25%) an stdic 
from expiration to inspintk9n is marked. 
peak early (E) filling velocity shows a small respiratory variation 
(17%) from expiration to inspiration. A = late filling velocity. 
chaage from expiration to i~s~~rat~o~ in the pulmonary 
venous peak systolic flow (19%) and integral (27%) and 
especially in the peak diastolic flow (29%) and integral 
(40%). In contrast, here was less respiratory variation i tine 
peak systolic flow (IO%) and integral (8%) and mild res 
tory variation in the peak diastolic flow (16%) and integral 
(18%) in restrictive cardiomyopathy. The other major finding 
was that patients with constrictive pericarditis showed a 
greater systolic/diastolic ratio than did those with restrictive 
cardiomyopathy for both inspiration (0,94 vs. 0.42) and 
expiration (0.86 vs. 0.37). 
In our study, a combination f the pulmonary venous flow 
variables, ystolic/diastolic f ow ratio ~0.65 during inspira- 
tion and the %E for diastolic flow >40% accurately identified 
constrictive pericarditis with a sensitivity of 86% and a
specificity of 94%. Although t ese results can be used to 
preliminarily distinguish t ese two conditions, it is important 
to point out that these variables should not be used alone in 
decision making. 
shows no respiratory variation from expiration to inspiration. Ah- 
bnviations as in Figure 1. 
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esophageal echocardiography did
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the left 
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The similar gradient during inspiration a d ex- 
piration results in a markedly decreased pulmonary ve- 
nous ystolickliastolic flow ratio and no significant varia- 
tion during the respiratwy c cle. There is no si cznnt 
cm in the transmittal gradient and therefore little 
change in the peak early Nling velocity and isovolumic 
relaxation time from expiration toinspiration, A = late 
Ming velocity; ECG = electrocardiogram; LAP = left 
atrial pressure. 
of the per~car~~~a~~ limits ventricular fiI1- 
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Figure 5. Constrictive pericarditis. 
Comparison of the transesophagcal 
two-dimensional echocardiogram (up= 
per left) and Doppler ecording of the 
left ~~~rn~~ary vein (Iewer Left) with 
the transthoracic two-dimensional 
echocardiogram(upperrightIandDopp- 
ler recording of the right puhnonary 
vein (lower ight) in a 48-year old man 
withconstrictivepericarditis.Thetrans- 
esophageal two-dimensional images 
show effusive constrictive disease (ar= 
rows, upper left) and the lloppler re- 
cordings (lower left) demonstrate 
marked respiratory variation (88%) of 
pulmonary venous diastolic f ow. The 
transthoracic images (upper right) and 
Doppler ecordings (lower right) are 
suboptimal fordefinitive differentiation 
of constriction from restriction, LA = 
left atrium; LV = left.ventricle; RA = 
right atrhtm; RV = right ventricle; 
other abbreviations and symbols as in 
Figure 1. 
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weI1 as the presence of inferior vena cava plethora, can be 
adequately obtained by transesophageal echocardiography. 
The primary qproach in this type of patient should be a 
comprehensive tratlsthecacic examination with respiratory 
ation #‘ig 5). The present study was 
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